Several lines of evidence concerning the vertical abundance profile of water in the atmosphere of Venus lead to stikingly unusual distributions (the water vapor abundance decreases sharply in the immediate vicinity of the surface) or to serious conflicts in the profiles (different infrared bands suggest water abundances that are discrepant by a factor of 2.5 to 10). These data sets can be reconciled if (i) water molecules associate with carbon dioxide and sulfur trioxide to make gaseous carbonic acid and sulfuric acid in the lower atmosphere, and (ii) the discrepant 0. physical. In a search for "hydrogen-hiding" reactions with other known or suspected atmospheric constituents (C, N, 0, S, F, Cl, As, Sb, and P compounds), no explanation for such a strange water distribution could be found.
Several lines of evidence concerning the vertical abundance profile of water in the atmosphere of Venus lead to stikingly unusual distributions (the water vapor abundance decreases sharply in the immediate vicinity of the surface) or to serious conflicts in the profiles (different infrared bands suggest water abundances that are discrepant by a factor of 2.5 to 10). These data sets can be reconciled if (i) water molecules associate with carbon dioxide and sulfur trioxide to make gaseous carbonic acid and sulfuric acid in the lower atmosphere, and (ii) the discrepant 0.94-micrometer water measurements are due to gaseous sulfiric acid, requiring it to be a somewhat stronger absorber than water vapor in this wavelength region. A mean total water abundance of 50 + 14 SEPTEMBER 1990 physical. In a search for "hydrogen-hiding" reactions with other known or suspected atmospheric constituents (C, N, 0, S, F, Cl, As, Sb, and P compounds), no explanation for such a strange water distribution could be found.
A much more thorough interpretation of the Venera 11 data (5) refined the dilemma. It was found that (i) if it was assumed that all the opacity in the Venera 11 spectral region was due to carbon dioxide (CO2) and H20, the data for the 0.94-p.m band required a vertical variation in the water abundance from about 20 ppm at the surface to a peak value of about 200 ppm near the cloud base at 44 km, with the abundance dropping off again above the clouds to below 30 ppm near 60 km (Fig. 1) We have developed a model of the chemical behavior ofwater on Venus (6), based on laboratory data for the thermodynamics of the gas-phase reaction H20 + SO3 = H2SO4 (1) on the vapor pressure of H2SO4 (7, 8) , and on the stability of the gaseous carbonic acid (H2CO3) molecule, H20 + CO2 = H2CO3 (2) which has recently been characterized (9 to 200 ppm. In our first models we made the simplifying assumption that in the vicinity of the clouds the abundances of both water and sulfur trioxide (SO3) were derived from the evaporation and dissociation of H2SO4 and hence were equal (an excess of water is more probable). The results of such a calculation for a water abundance of 90 ppm are shown in Fig. 1 . Several generalizations emerge from this and other calculated models. First, the depletion of water vapor near the ground can be ascribed to the formation of gaseous H2CO3. Second, S03 and water vapor have negligible affinity near the surface, and thus H2SO4 vapor reaches 1 ppm only near an altitude of 21 km. Third, gaseous H2SO4 is extremely stable in the vicinity of the cloud base, reaching 63 ppm (versus 27 ppm for water vapor) near 44 km. The anomalous (excess) 0.94-,um absorption peak corresponds almost perfectly with the calculated profile of gaseous H2SO4. This finding strongly suggests that H2SO4 vapor, or some other gas derived directly from it, is responsible for the very high spike in the 0.94-,um absorption. Fourth, the columnaverage free water vapor abundance for this model is 36 ppm, compared to the assumed total water abundance of 90 ppm: 60% of the total water is bound to CO2 or S03 (principally the former). The percentage of free water is model-independent because the equilibrium expressions for reaction 2 gives a H20:H2CO3 ratio that is independent of the total water abundance. Therefore, the lower limit on free water set above by omitting the 45-km "spike" then suggests a minimum total water abundance of 24/0.6 = 40 ppm, and the free water abundance of 20 ppm deduced from the 0.82-and 1.13-,um bands implies a total water abundance of 20/0.6 = 33 ppm. Pre- cisely at the surface, fully 80% of the total water is bound to CO2. All these results are extremely insensitive to plausible errors in the thermodynamic data used (11). Finally, the falloff of the water abundan the clouds is governed by the va sure of water over concentrated E has been long accepted (1) , and modeling of this familiar phenom attempted.
The altitude at which H2SO4 sai make constant-boiling (98% by H2SO4 droplets is a sensitive funct gaseous H2SO4 abundance. Steffe shown from vapor pressure argun 15 to 30 ppm H2SO4 would provide saturation above altitudes 48 km, but that this amount c vapor would also account for the n absorption seen in spacecraft oc experiments.
In light ofthe present model, it i ing to reexamine the other sourca on the water abundance below ti clouds. Figure 2 summarizes tt from the Venera 11 and 12 mas meters (12), the Venera 12 gas c graph (13), the Pioneer Venus La Mass Spectrometer (LMS) (14) , comparison, the Venera 11 and L photometer data for the same alt 5). Our model suggests that thi discordance between these experir sults is due to the complex and uw altitude-dependent speciation of w model predicts that there should be an altitude interval (19 to 35 km) within which at least 70% of the total water is in the form of free H20 vapor. (8) has 1I2CO3+ ion near the surface of Venus, but rients that the speciation of gaseous H2CO3 in the not only LMS inlet system and ionization region is of 46 to quite unknown. The abundance of free hy-)f H2SO4 drogen seen by the LMS varies rapidly and nicrowave (apparently) inexplicably with altitude in the ccultation same altitude range where we predict abundant H2CO3 vapor. These data remain unis interest-published. es of data We conclude that the 0.94-,um band meahe Venus sures opacity due not only to CO2 and water ie results vapor but also to some other cloud-related s spectro-species such as gaseous H2SO4. The general :hromato-trends evident in the Venera 11 infrared rge Probe data, including both the complex altitude and, for dependence of opacity and the impossibility 2 infrared of reconciling the 0.84-and 1.13-pum data :itudes (4, with free water abundances much larger e striking than 20 ppm, are all readily comprehensible nental re-when formation of gaseous H2SO4 and nexpected H2CO3 is considered. Laboratory study of rater. Our the near-infrared absorption spectrum of H2SO4 vapor and related compounds could permit a quantitative interpretation of the Venus spectrum, and is strongly encouraged. The near-surface association of CO2 and water vapor is a direct result of our acceptance of the data of Terlouw et al. (9) . It is critically important that the equilibrium behavior of this system be confirmed by further experiments. One can also directly test this model by using Venus water profiles to be measured by the Near Infrared Mapping Spectrometer experiment on the Galileo spacecraft (16) . Further, the conditions of temperature and pressure and the high CO2 and water vapor abundances conducive to extensive gaseous H2CO3 formation are closely similar to those hypothesized for early Earth. An improved understanding of the thermochemical and optical properties of this species may permit substantial improvement of these models.
NH4HCO3 vapor (at 120 K) a peak for H2CO3 with a peak area somewhat less than 1% of that for CO2. Vapor pressure data on NH4HCO3 (17) give a Gibbs free energy of vaporization to NH3, H2O, and CO2 of -4600 cal mol' at 120 K. Because of the very large theoretical activation energy ofat least 40 kcal molP' for dissociation of gaseous H2CO3
into water vapor and CO2 (18), we assume that the CO2:H2CO3 ratio was fixed at about 5 x 10-3 in the evaporation chamber rather than in the mass spectrometer. In combination with a Ai-28 of -146.1 kcal molP' for formation of H2CO3 from the elements (9) and a AF14. of -152.1 kcal mol' for gaseous CO2 plus H20 from the JANAF tables (19), we deduce an enthalpy change at 400 K of 6 kcal mol' and an entropy change of 2 cal mol-' K`for reaction 2. 11. As a sensitivity test, we calculated a large number of models without using laboratory thermodynamic data on H2CO3 and H2SO4 vapors. (1) . Knowing its stability is crucial for understanding the seismic discontinuity near 650 km and for predicting lower mantle properties. The pressure-temperature (P-T) slope (dP/dT) of reactions forming perovskite may help determine whether the mantle is compositionally layered or whether whole mantle convection can occur; a strongly negative slope would inhibit convection across the boundary (2, 3). The nature of convection has important implications for the evolution of the earth, its heat budget, and the coupling of convection in the core to processes in the mantle and crust.
Ito and Yamada (4) first demonstrated that for the transformations of MgSiO3 ilmenite to perovskite and of Mg2SiO4 spinel to perovskite and periclase, have negative slopes (dP/dT < 0) and that both reactions occur at similar pressures and temperatures. Ito and Takahashi (5) refined these observations. They concluded that the pronounced sharpness of the 650-km discontinuity can be reasonably interpreted as the dissociation of silicate spinel into perovskite plus magnesiowustite. Although their data suggest that dP/dT is negative, pressure and temperature determinations in multianvil devices still have considerable uncertainties, and phase boundary reversals are difficult. Thus, the slope of the perovskite-forming reaction has remained somewhat uncertain. Because of the importance of this slope in considerations of whole mantle convection, it is desirable to determine dP/dT by a different and independent method, in order to test whether the phase synthesis runs were indeed close to equilibrium, to confirm that the slope is negative, and to obtain a reliable value for dP/dT. High-temperature oxide melt solution calorimetry (6) offers a means of obtaining thermochemical data for high-pressure silicates (7) (8) (9) . However, in order to apply this technique to the very small amounts of MgSiO3 perovskite obtainable by synthesis at 25 GPa in a multianvil apparatus, its sensitivity had to be improved. In this report, we describe a new differential dropsolution technique and report a calorimetric determination, using 5 mg of perovskite, of the enthalpy difference between MgSiO3 pyroxene and perovskite. Combination with earlier thermodynamic data (7-10) allows calculation of the stability fields of MgSiO3 perovskite and comparison with high-pressure studies.
